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(57) ABSTRACT 

This PSA unit is of the type comprising 2N adsorbers (N22) 
Whose production outlets can be connected by gas circula 
tion lines. The adsorbers are coupled in the form of pairs of 
adsorbers (A1—A4, A2—A5, A3—A6); the outlets of the adsorb 
ers of each pair are connected by a direct line (L14, L25, L36) 
provided With tWo ?rst valves (13, (N+i)3); and an interme 
diate point (B 1, B2, B3) of the direct line located betWeen the 
tWo ?rst valves is connected to a transverse line (2) common 
to all the pairs by a connection valve (12, 22, 32). 

11 Claims, 11 Drawing Sheets 
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ADSORPTION UNIT WITH PRESSURE 
MODULATION 

FIELD OF THE INVENTION 

The present invention relates to an adsorption unit With 
pressure modulation (Pressure Swing Adsorption or PSA), 
of the type comprising 2N adsorbers (N22) each having a 
production outlet. It is applicable particularly to the produc 
tion of hydrogen, methane or CO by PSA adsorption. 

BACKGROUND OF THE INVENTION 

The PSA cycles comprise successively, for each adsorber: 
a production phase by adsorption; a regeneration phase of 
the adsorbent comprising at least one step of co-current 
depressuriZation With pressure balancing With another 
adsorber, a step of ?nal counter-current depressuriZation 
With evacuation of residual gas, and generally an elution step 
at the loW pressure of the cycle; and a repressuriZation phase 
comprising at least one pressure balancing step With another 
adsorber, and a ?nal repressuriZation step by means of 
production gas. 

In What folloWs, there Will be meant by “inlet” and 
“outlet” of an adsorber, the inlet of the gas to be treated and 
the outlet of the product gas during the step of production of 
the PSA cycle, by “co-current” the direction of circulation of 
the inlet toWard the outlet, and by “counter-current” the 
reverse direction of circulation. Moreover, the pressures 
indicated are absolute pressures. 

In conventional PSA units of the mentioned type, there is 
provided for each step of the cycle (production, pressure 
balancing betWeen adsorbers, counter-current 
depressuriZation, elution, ?nal repressuriZation) a transverse 
line common to all the adsorbers, Which can be connected 
individually to the outlet of each adsorber by means of a 
corresponding valve. 

Correspondingly, When the unit comprises a large number 
of adsorbers, as is often the case in hydrogen production 
installations, each adsorber is associated With as many 
valves as there are transverse lines. This leads to an 

extremely complex and costly tubing, both from the point of 
vieW of capital cost and from that of maintenance or siZe. 

The invention has for its object considerably to simplify 
the tubing of the PSA unit. 

SUMMARY OF THE INVENTION 

To this end, the invention has for its object a PSA 
adsorption unit of the mentioned type, characteriZed in that: 

the adsorbers are coupled in the form of adsorber pairs; 
the outlets of the adsorbers of each pair are connected by 

a direct line provided With tWo ?rst valves; and 
an intermediate point of the direct line located betWeen 

the tWo ?rst valves is connected to a transverse line 
common to all the pairs by means of a connection 
valve. 

The PSA adsorption unit according to the invention can 
comprise one or several of the folloWing characteristics, 
taken alone or in their various possible technical combina 
tions: 

the adsorbers being numbered in their order of passage to 
the production phase in the course of each cycle, the 
adsorber couples are A1—AN+1, A2—AN+2, . . . , 

Ai_AN+i> ' ' ' > AN_A2N> 

at least tWo of said intermediate points are connected by 
a connection line provided With a second connection 

valve, 
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2 
the tWo ?rst valves are control valves Whilst the connec 

tion valves are open-shut valves, 
said intermediate point is moreover connected to the 
common transverse line by a supplemental connection 
line provided With a supplemental connection valve 
Which is a control valve, 

the unit moreover comprises at least one additional trans 
verse line connected individually to the outlet of each 
adsorber via a control valve, 

at least one additional transverse line can be subdivided, 
by manipulating an additional valve, into tWo trans 
verse half-lines each connected to N adsorbers, 

at least one additional transverse line is subdivided into 
tWo transverse half-lines, of Which each is connected to 
N adsorbers, 

the adsorbers contain at least one adsorbent adapted to the 
production of hydrogen, methane or CO, typically 
active carbon and/or Zeolite and/or activated alumina. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Examples of embodiment of the invention Will noW be 
described With respect to the accompanying schematic 
draWings, in Which: 

FIG. 1 shoWs a pair of adsorbers of a PSA unit according 
to the invention; 

FIG. 2 is a diagram Which illustrates an operating cycle of 
a PSA unit according to the invention With six adsorbers; 

FIG. 3 shoWs a corresponding PSA unit; 
FIGS. 2A to 2D are diagrams analogous to FIG. 2 Which 

shoW four subdivisions of the cycle; 
FIGS. 3A to 3D shoW the condition of the valves of the 

adsorption unit in each of these four subdivisions of the 
cycle; 

FIG. 4 is a diagram analogous to FIG. 2 Which shoWs an 
exceptional operation of the unit; 

FIG. 5 is a diagram analogous to FIG. 2 but corresponding 
to a cycle of a PSA unit according to the invention With ten 
adsorbers; 

FIG. 6 shoWs this PSA unit With ten adsorbers; 

FIG. 7 is a diagram analogous to FIG. 2 but corresponding 
to a cycle of a PSA unit according to the invention With eight 
adsorbers; and 

FIG. 8 shoWs this PSA unit With eight adsorbers. 

DETAILED DESCRIPTION OF THE 
INVENTION 

There is shoWn in FIG. 1 the couple of adsorbers of index 
i of a unit for the production of hydrogen by PSA, having 
tWo N adsorbers. These adsorbers being numbered 1 to 2N 
in the order of their entering the production phase, the tWo 
adsorbers of the couple i are the adsorbers Ai and AN+i for 
reasons Which Will become apparent later. 
The PSA cycle comprises for example a production step, 

pressure balancing steps betWeen adsorbers, a counter 
current depressuriZation step, an elution step and a ?nal 
repressuriZation step With product gas. To ensure transfers of 
gas in the course of these different steps, there is provided: 

a transverse line 1 for supply of charge gas, individually 
connected to the input of each adsorber Ax via a valve 
TOR (all or nothing) designated x1; 

a transverse line 2 for puri?ed hydrogen production; 
for each couple Ai—AN+l-, a direct line LLNH- (typically a 

single direct line for each pair) dedicated to at least one 
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step of the cycle in the course of Which the outlets of 
the tWo adsorbers of the couple are to be connected, this 
direct line connecting the outlets of the tWo adsorbers 
of the couple. The line LLNH- is provided With tWo 
control valves i3 and (N+i)3. The transverse line 2 is 
connected to a point Bi of the line LLNH- located 
betWeen these tWo valves, via a valve TOR i2: if 
desired, as shoWn in broken line, a control valve i2‘ can 
be mounted in parallel With the terminals of the valve 
12; 

another transverse line 4, dedicated to at least one other 
balancing/elution step of the cycle. This line is indi 
vidually connected to the outlet of each adsorber Ax via 
a control valve designated X4; 

a transverse line 5 for evacuation of residual gas, indi 
vidually connected to the inlet of each adsorber X, via 
a control valve designated X5. 

As shoWn in broken line, other transverse lines 6, indi 
vidually connected to the outlet of each adsorber Ax via a 
control valve X6 in the same manner as line 4, can be 
provided as a supplement for more complicated PSA cycles. 

Moreover, also as shoWn in broken line, a connection 
conduit 7 provided With a valve TOR i7 can connect the 
points Bi of at least tWo direct lines. 
As a modi?cation, the transverse lines can be individually 

connected to the adsorbers by valves TOR and be provided 
each With a control valve. 

FIGS. 2 and 3 shoW the application of the invention to a 
cycle With siX adsorbers having one adsorber at a time in 
production and three in pressure balance. 

The unit using siX adsorbers (FIG. 3) corresponds exactly 
to the diagram of FIG. 1, With three adsorber couples A1—A4, 
A2—A5 and A3—A6. There is neither a valve i2‘, nor a 
supplemental transverse line 6, nor a connection line 7. 
HoWever, the line 4 can be subdivided into tWo half-lines by 
a valve TOR V0. 

Moreover, the installation comprises means, knoWn per 
se, and not shoWn, for control, regulation and electrical 
supply and supply of ?uid refrigerant, adapted to carry out 
the cycle shoWn in FIG. 2. 

In FIG. 2, in Which the time t is shoWn on the abscissa and 
the absolute pressure P on the ordinate, the lines Whose 
directions are shoWn by arroWs indicate the movements and 
destinations of the gas currents and, moreover, the direction 
of circulation of the adsorber: When an arroW is in the 
direction of the increasing ordinate (upWard in the diagram), 
the current is said to be co-current in the adsorber. If the 
arroW directed upWardly is located beloW the line indicating 
the pressure in the adsorber, the current enters the adsorber 
by the inlet end of the adsorber; if the arroW, directed 
upWardly, is located above the line indicating the pressure, 
the current leaves the adsorber by the outlet end of the 
adsorber; When an arroW is in the direction decreasing along 
the ordinate (doWnWardly in the diagram), the current is said 
to be counter-current in the adsorber. If the arroW directed 
doWnWardly is located beloW the line indicating the pressure 
of the adsorber, the current leaves the adsorber by the inlet 
end of the adsorber; if the arroW directed doWnWardly is 
located above the line indicating the pressure, the current 
enters the adsorber by the outlet end of the adsorber. 

The cycle of FIG. 2, Whose period T is, by Way of eXample 
6x180 s, comprises the folloWing successive steps for a 
given adsorber, for eXample the adsorber A1. This cycle is 
offset by a phase time T/6 from one adsorber to the neXt. The 
time and pressure scales have not been accurately given, for 
clarity of the draWing. The durations and pressures indicated 
are purely Way of indication. 
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4 
(1) From t=0 to T/6=180 s: Production substantially 

isobaric at the high pressure PM of the cycle, Which is 
typically comprised betWeen about 10 and 50 bars and 
particularly about 25 bars. 

(2) From T/6 to t1: First co-current depressuriZation by 
pressure balancing With another adsorber in the course 
of counter-current repressuriZation. The duration of 
these tWo concomitant steps is 30 s. 

(3) From t1 to t2: The adsorber is isolated (duration: 70 s). 
(4) From t2 to T/3: Second co-current depressuriZation by 

pressure balancing With a counter-adsorber in the 
course of counter-current repressuriZation. The dura 
tion of these tWo concomitant steps is 80 s. 

(5) From T/3 to t3: Third co-current depressuriZation by 
pressure balancing With another adsorber in the course 
of counter-current repressuriZation, the duration of 
these tWo concomitant steps is 50 s. 

(6) From t3 to T/2: Fourth co-current depressuriZation. 
The gas from the outlet of the adsorber is sent to 
another adsorber in the course of elution. The duration 
of these tWo concomitant steps is 130 s. 

(7) From T/2 to t4: Final counter-current depressuriZation 
to the loW pressure Pm of the cycle, about atmospheric 
pressure. The gas from the inlet of the adsorber is sent 
to the line 5 and evacuated as residual gas. The duration 
of this step is 50 s. 

(8) From t4 to 2T/3: Counter-current elution, at the loW 
pressure Pm. The elution gas from another adsorber in 
step (6) described above is introduced at the outlet of 
the adsorber, and residual gas is WithdraWn at its inlet 
and evacuated in the line 5. 

(9) From 2T/3 to t5: First counter-current repressuriZation 
by pressure balancing With another adsorber in step (5) 
described above. 

(10) From t5 to t6: The adsorber is isolated (duration: 50 
s). 

(11) From t6 to 5T/6: Second counter-current repressur 
iZation by pressure balancing With another adsorber in 
step (4) described above. 

(12) From 5T/6 to t7: Third counter-current repressuriZa 
tion by pressure balancing With another adsorber in step 
(2) described above. Simultaneously, the adsorber 
receives counter-current production gas from another 
adsorber in the production state. 

(13) From t7 to T: Final counter-current repressuriZation 
to the high pressure PM of the cycle, by means of 
production gas removed in the line 2. The duration of 
this step is 150 s. 

It Will be noted that removal of production gas during all 
the production step permits maintaining a constant produc 
tion ?oW. 

During the ?rst phase time (t=0 to T/6), the adsorber A1 
is in production. At the time T/6 , it is the adsorber A2 Which 
is repressuriZed to the high pressure PM, such that it is the 
adsorber A2 Which enters into production. It is folloWed, at 
time T/3, by the adsorber A3, at time T/2 by the adsorber A4, 
at time 2T/3 by the adsorber A5 and at time 5T/6 by the 
adsorber A6. It Will thus be understood that, on the diagram 
of FIG. 2, each phase time shoWs the pressure variation in 
one of siX adsorbers, Which is indicated beloW the aXis of the 
abscissa (A1, A6, A5, A4, A3, A2 in the order of the siX phase 
times). 

Given the symmetry of the connections betWeen adsorb 
ers during the pressure balancing and elution steps, the phase 
times can thus be broken doWn into four periods Which Will 
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noW be described With respect to FIG. 2A—3A to 2D—3D. On 
FIGS. 2A to 2D, there are shown only the open valves, and 
only these have been referenced in FIGS. 3A to 3D, in 
addition to the valve V0. 

t=0 to 30 s (FIGS. 2A and 3A): 
The adsorber A1 is in production (valves 11, 13 and 12). 

Adsorber A2 is in repressuriZation (valves 22 and 23) so as 
to maintain a constant production ?oW. Valve V0 is closed, 
which permits carrying out in line 4 tWo different balanc 
ings: A2—A6 on the one hand (valves 24 and 64), A3—A5 on 
the other hand (valves 34 and 54). The adsorber A4 is in ?nal 
depressuriZation (valve 45). 

t=30 s to 50 s (FIGS. 2B and 3B): 
The adsorber A1 is in production (valves 11, 13 and 12). 

The adsorber A2 is in ?nal repressuriZation (valves 22 and 
23). Valve VO rernains closed, and the adsorbers A3 and A5 
rernain connected together to carry out the third pressure 
balancing (valves 34 and 54). Adsorber A4 is undergoing its 
?nal depressuriZation (valve 45). Adsorber A6 is isolated. 

t=50 s to 100 s (FIGS. 2C and 3C): 
Adsorber A1 is in production (valves 11, 13 and 12). 

Adsorber A2 is in ?nal repressuriZation (valves 22 and 23). 
Valve V0 is open, and adsorbers A4 and A5 are connected 
together (valves 44 and 54). Adsorber A4 is in elution, valve 
45 is open. 

t=100 to 180 s (FIGS. 2D and 3D): 
Adsorber A1 is in production (valves 11, 13 and 12). 

Adsorber A2 is in ?nal repressuriZation (valves 22 and 23). 
The adsorbers A3 and A6 are connected together by their 
direct line L36. Valve V0 is open, and the adsorbers A4 and 
A5 are connected together (valves 44 and 54). 

Thanks to the connection arrangernent described above, 
With its three direct lines L14, L25 and L36, and the subdi 
vision of the transverse line 4 by means of the valve V0, the 
number of valves per adsorber and the total number of 
valves are greatly reduced, as are the inactive valves in the 
lines. 

Thus, the unit of FIG. 3 comprises 18 control valves and 
10 TOR valves, as compared to 19 and 18 respectively for 
the conventional arrangement for performing the same 
cycle. This conventional arrangernent cornprises thus siX 
transverse lines connected individually to each adsorber, and 
a control valve for the ?nal repressuriZation ?oW. The 
reduction of the total number of valves is thus 1—(37/28)= 
32%. To this economy must be added corresponding gains in 
sirnpli?ed tubing cornprising feWer elboWs, Welds, etc., and 
decrease in the number of junction boXes and inlets/outlets 
of the automated control. The reliability is also improved in 
a corresponding manner. 

It is to be noted that the steps Which correspond to the use 
of a direct line Li) NH- are located at points in the cycle Where 
there is the greatest number of simultaneous steps. This 
permits, thanks to the subdivision of a transverse line, 
simultaneously using several direct lines (FIG. 3D) and 
eliminating a transverse line. 

In the case of an accident in one of the adsorbers, the 
corresponding couple of adsorbers can be isolated, as shown 
schematically in broken line in FIG. 3 for the adsorbers A1 
and A4. The unit can then continue to operate With the four 
other adsorbers, With a cycle having one adsorber in pro 
duction per phase time and a single balancing. Such a cycle 
of unusual operation is shoWn in FIG. 4 and comprises 
successively, for a period T‘, for the adsorber A2 for 
example: 

Frorn t=0 to T‘/4: Production phase. 
Frorn T‘/4 to T1: First co-current depressuriZation, by 

pressure balancing With another adsorber at the begin 
ning of counter-current repressuriZation. 
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6 
From t‘1 to T‘/2: Second co-current depressuriZation. The 

gas from the outlet of the adsorber is send counter 
current into another adsorber in the elution phase. 

Frorn T‘/2 to t‘2: Final counter-current depressuriZation to 
the loW pressure Prn of the cycle. 

Frorn t‘2 to 3T‘4: Elution at the loW pressure Prn by means 
of gas from the second co-current depressuriZation of 
another adsorber. 

Frorn 3T‘/4 to t‘3: First counter-current repressuriZation 
by pressure balancing With another adsorber in the 
course of ?rst co-current depressuriZation. 

Frorn t‘3 to T‘: Final counter-current repressuriZation by 
means of production gas. 

The direct line is used, in this cycle With four adsorbers, 
during the pressure balancing steps. 
The manual cutoff valves Which serve to carry out such an 

isolation are not shoWn in the draWings. HoWever, it Will be 
understood that, thanks to the presence of direct lines, the 
isolation of each couple of adsorbers requires one valve less 
than With a conventional arrangement. 
The above considerations are applicable in the same 

manner to units With ten adsorbers, and more generally With 
(4X+2) adsorbers. Thus, FIG. 6 shoWs a unit With ten 
adsorbers A1 to A10, Which use a cycle of three balancings 
in Which three adsorbers are simultaneously in production in 
each time phase. 
The arrangement of the unit is analogous to that of FIG. 

3, With the direct lines Li)5+1 connecting the adsorber 
couples A1—A6, A2—A7, A3—A8, A4—A9 and A5—A1O. The 
transverse lines 1, 2 and 5 Will be seen to be connected as 
above. 
The valve VO has been omitted, and the transverse line 4 

is subdivided into tWo independent transverse half-lines, 
namely a half-line 4P connected to all the even adsorbers 
and a half-line 41 connected to all the odd adsorbers. The 
?nal repressuriZation takes place via a supplemental trans 
verse line 8 connected to the line 2, provided With a control 
valve V1 and connected to the point Bi of each direct line via 
a TOR valve 18, 28, 38, 48, 58 respectively. 
The cycle shoWn in FIG. 5 differs from that of FIG. 2, 

essentially by the folloWing points: 
The adsorber remains in production for three phase times 

(from t=0 to 3T/10). 
The adsorber remains in elution for a supplemental phase 

time (from 7T/10 to 4T/5), during Which it receives 
counter-current gas issuing from another adsorber in 
the course of ?fth co-current depressuriZation (frorn 
T/2 to 3T/5). 

The period of isolation of the adsorber in the course of 
recornpression is omitted. 

In the case of such a unit With ten adsorbers, there are 31 
control valves and 20 TOR valves, as compared to 32 and 30 
respectively in the conventional arrangement. The reduction 
of the number of valves is thus 1—(62/51)=22%. 

FIGS. 7 and 8 shoW the application of the invention to a 
unit With eight adsorbers A1 to A8 using a cycle With tWo 
balancings during Which tWo adsorbers are in produced for 
each time phase. 
The arrangement of the unit (FIG. 8) is the same as that 

of FIG. 3, eXcept that there are a pair of supplemental 
adsorbers and that the transverse line 4 is not subdivided, the 
valve VO being ornitted. It Will be noted that the adsorber 
couples A1—A5, A2—A6, A3—A7 and A4—A8 are in parity, 
Which is not the case in the units With siX adsorbers (FIG. 3) 
or With ten adsorbers (FIG. 7). 

Such a unit comprises 24 control valves and 12 TOR 
valves, as opposed to 26 and 18 respectively in the conven 
tional arrangement. The gain in valves is thus 1—(44/36)= 
22%. 
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In such units With eight adsorbers, the number of valves 
can be further decreased in the manner indicated in broken 
line in FIG. 8; the line 4 is replaced by tWo connection lines 
LL1 and LL2 of Which each, provided With one TOR valve, 
connects the direct lines of the same parity, by being 
connected to the points Bi of these direct lines. There are 
thus replaced siX control valves by tWo TOR valves. 

Such a modi?cation is applicable in the same manner to 
all units having 4X adsorbers. 

The corresponding PSA cycle, shoWn in FIG. 7, com 
prises successively: a step of adsorption at the high pressure 
PM, from t=0 to T/4; from T/4 to t1, a ?rst co-current 
depressuriZation by pressure balancing With another 
adsorber in the course of counter-current repressuriZation; 
from t1 to t2, a dead time during Which the adsorber is 
isolated; a second co-current depressuriZation by pressure 
balancing With another adsorber in the course of counter 
current repressuriZation, this step ending at 3T/8; from 3T/8 
to t3, a third co-current decompression in Which the gas from 
the outlet of the adsorber is transferred to another adsorber 
in the course of counter-current elution; a second dead time, 
Which ends at T/2, in the course of Which the adsorber is 
isolated; a ?nal counter-current depressuriZation to the time 
5T/8; from 5T/8 to t4, a counter-current elution step at the 
loW pressure Pm by means of gas from another adsorber in 
the course of a third co-current depressuriZation; a ?rst 
counter-current repressuriZation by pressure balancing With 
another adsorber in the case of second co-current 
depressuriZation, this step ending at 3T/4; from 3T/4 to t5, a 
second counter-current repressuriZation by pressure balanc 
ing With another adsorber in ?rst co-current depressuriZa 
tion; a third dead time in the course of Which the adsorber 
is isolated, this dead time ending at 7T/8; and a ?nal 
counter-current repressuriZation by means of production 
gas. 

It Will be recalled that all the connection valves (ii) 
described above are valves that take part in the cycle and 
differ because of this from the shut off, manual or pneumatic 
valves that can be provided moreover for maintenance 
operations. Thus, although the invention has been described 
in relation to particular embodiments for the separation of 
particular gaseous mixtures, it is not thereby limited but is 
subject to modi?cations and variations Which Will be appar 
ent to one skilled in the art Within the scope of the folloWing 
claims. 
What is claimed is: 
1. Pressure sWing adsorption unit comprising 2N adsorb 

ers (N22) each having a production outlet, Wherein: 
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8 
the adsorbers are coupled by pairs of adsorbers 
in each adsorber pair, the outlets of the adsorbers are 

interconnected by a direct line provided With tWo ?rst 
valves; and 

an intermediate point of the direct line located betWeen 
the tWo ?rst valves is connected to a transverse line 
common to all the pairs via a line portion including an 
all or nothing connection valve. 

2. The pressure sWing adsorption unit of claim 1, Wherein 
the tWo ?rst valves are control valves. 

3. The pressure sWing adsorption unit of claim 1, com 
prising a single direct line for each adsorber pair. 

4. The pressure sWing adsorption unit according to claim 
1, Wherein the adsorbers are numbered in their order of 
passage into production phase in the course of each cycle, 
the couples of adsorbers being A1—AN+1, A2—AN+2 , . . . , 

Ai—AN+i , . . . , AN—A2N. 

5. The pressure sWing adsorption unit according to claim 
1, Wherein at least tWo of said intermediate points are 
connected by a connection line provided With a second all or 
nothing connection valve. 

6. The pressure sWing adsorption unit according to claim 
1, Wherein said intermediate point is moreover connected to 
the common transverse line by a supplemental connection 
line provided With a supplemental connection valve Which is 
a control valve. 

7. The pressure sWing adsorption unit according to claim 
1, further comprising at least one additional transverse line 
connected individually to the outlet of each adsorber via a 
control valve. 

8. The pressure sWing adsorption unit according to claim 
7, Wherein said at least one additional transverse line is 
structured and arranged to be subdivided, by manipulation 
of an additional valve, into tWo transverse half-lines con 
nected to the adsorbers. 

9. The pressure sWing adsorption unit according to claim 
7, Wherein said at least one additional transverse line is 
subdivided into tWo transverse half-lines, each of Which 
being connected to N adsorbers. 

10. The pressure sWing adsorption unit according to claim 
1, Wherein N23. 

11. The pressure sWing adsorption unit according to claim 
1, Wherein the adsorbers contain at least one adsorbent 
adapted for the production of hydrogen, methane or CO. 

* * * * * 


